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mice, the latter exhibited decreased clinical outcomes. This correlated with significantly reduced eosinophil cytolysis in the colon. Collectively, our present studies demonstrate that murine eosinophil necrosis is regulated in vitro and in vivo by cyclophilin D, at least in part, thus providing new insight into the mechanism of eosinophil necrosis and release of free extracellular granules in eosinophil-associated diseases.
eosinophil; regulated necrosis; colitis EOSINOPHIL NUMBERS ARE INCREASED in blood and tissue in helminth infections, allergic conditions, and other immune responses. These cells contain granules that are central to the eosinophil's multiple functions by containing and releasing an array of cytokines (e.g., IL-4, IL-6, IFN-␥, TNF-␣, and IL-10) and four major cationic proteins [major basic protein (MBP), eosinophil peroxidase (EPX), eosinophil cationic protein, and eosinophil-derived neurotoxin] (29, 35) . Notably, these eosinophil cationic proteins are cytotoxic and capable of inducing tissue damage and dysfunction (34, 42) . Accordingly, the increased presence of eosinophils and their granular proteins often correlates with severity and exacerbation of the disease (11, 15) .
Ultrastructural analysis using transmission electron microscopy has distinguished three mechanisms of eosinophil granule release (26) . 1) Classic exocytosis involves fusion of granules directly with the cell plasma membrane to release the entirety of the granule contents. This mechanism is rarely seen in vivo, except when eosinophils are on the surface of large, multicellular helminths. 2) Piecemeal degranulation, in contrast to acute exocytotic degranulation, is a progressive release whereby granule contents are transported to the cell surface in membrane-bound vesicles. The eosinophils remain viable and fully responsive to subsequent stimulus. 3) Cytolysis involves rupture of the cell membrane (and, thus, cell death), causing the release of free eosinophil granules.
Free extracellular eosinophil granules have been detected by hematoxylin-eosin staining, immunostaining for their cationic proteins, and/or ultrastructural studies in tissue from patients with diverse eosinophilic diseases, including allergic asthma, atopic dermatitis, nasal polyposis, and eosinophilic esophagitis (9, 10, 20, 30, 39) . Recent in vitro studies demonstrated primary eosinophil lysis after stimulation by a Ca 2ϩ ionophore or Siglec-8 engagement on primed human eosinophils (18, 38) . In addition, these cell-free eosinophil granules can directly secrete their constituents, including eosinophil cationic protein, EPX, ribonucleases, and cytokines, via cytokines, chemokines, and eicosanoids ligating to a granule's membrane-bound receptors (24, 25, 31) . Thus it is tempting to speculate that the released cell-free, secretion-competent eosinophil granules could continue to provide proinflammatory, immunoregulatory, and other immunopathogenic stimuli secondary to the primary eosinophil lysis. Indeed, despite treatment with humanized IL-5-specific antibody, which significantly reduced eosinophils in the bronchial mucosa, free eosinophil granules persisted in the diseased tissue of patients with asthma, and disease outcomes did not improve (12) . Hence, further exploration of the mechanisms regulating eosinophil cytolysis is critical.
Historically, cell death was dichotomized as follows: 1) apoptosis, a biochemically regulated cell death process in which the cell content is disposed of in a controlled manner, resulting in the absence of toxicity, and 2) necrosis, an accidental and uncontrollable form of cell death in which the cell content is released to the environment, resulting in toxicity and inflammation. However, recent studies have begun to appreciate multiple forms of regulated necrosis (5) . Although the receptor-interacting protein kinase (RIPK)1/ RIPK3-mediated regulated necrosis is the most thoroughly studied (40) , multiple pathways of regulated necrosis, including cyclophilin D-dependent regulated necrosis, are beginning to emerge (2, 23) . Cyclophilin D belongs to the cyclophilin family, has peptidyl-prolyl cis-trans isomerase activity, and is uniquely located in the mitochondrial matrix.
It is responsible for regulating the opening of the mitochondrial permeability transition pore (3) . Sustained opening of the mitochondrial permeability transition pore due to increased reactive oxygen species (ROS) and Ca 2ϩ in the mitochondrial matrix will lead to mitochondrial membrane depolarization, organelle rupture, and, eventually, necrotic cell death (17) . Thus cells that do not express cyclophilin D (e.g., primary fibroblasts and hepatocytes), are resistant to necrotic stressors such as ROS induced by H 2 O 2 , Ca 2ϩ overload induced by ionomycin, and in vivo ischemiareperfusion injury (2, 23) . Although cyclophilin D is not involved in regulated necrosis of T cells (4) , it remains unknown whether cyclophilin D regulates necrosis of eosinophils.
In the present study we observed that Ppif-deficient (Ppif Ϫ/Ϫ ) eosinophils were significantly protected from Ca 2ϩ overloador ROS-induced necrosis. In addition, Ppif Ϫ/Ϫ eosinophils demonstrated significantly decreased necrosis, but not apoptosis, with Siglec-F cross-linking, a stimulus associated with eosinophil-mediated processes in vitro and in vivo. When treated with apoptosis inducers, Ppif Ϫ/Ϫ eosinophils showed no significant difference in apoptosis or necrosis from wild-type (WT) eosinophils. Since we and others previously showed that eosinophils and eosinophil granule proteins have an important role in colitis (13, 16) , we tested the role of cyclophilin D in a dextran sodium sulfate (DSS)-induced colitis model. Although the baseline inflammatory parameters were comparable between WT and PPIF deficiency, Ppif Ϫ/Ϫ mice exhibited decreased clinical outcomes, as evidenced by weight loss, colon length, and histological changes, which correlated with significantly reduced eosinophil cytolysis in the colon. Collectively, our present studies demonstrate that murine eosinophil necrosis is regulated in vitro and in vivo by cyclophilin D, at least in part, thus providing new insight into the mechanism of eosinophil necrosis and release of free extracellular granules in eosinophil-associated diseases.
MATERIALS AND METHODS

Mice. Ppif
Ϫ/Ϫ mice (C57BL/6/Sv129 background), in which the first three coding exons of the Ppif gene were replaced with a neomycin-resistance cassette (2), were further crossed with WT C57BL/6 mice. Heterozygous-derived Ppif ϩ/ϩ and Ppif Ϫ/Ϫ lines were maintained under specific pathogen-free conditions. Six-to 8-wk-old Ppif ϩ/ϩ and Ppif Ϫ/Ϫ mice were used in all studies. The studies were reviewed and approved by the Cincinnati Children's Hospital Medical Center Institutional Animal Care and Use Committee.
Eosinophil culture. Bone marrow (BM)-derived eosinophils from Ppif ϩ/ϩ and Ppif Ϫ/Ϫ mice were generated as previously described (8) with minor modifications. Briefly, after hypotonic lysis of red blood cells, whole BM cells were cultured at a density of 1 ϫ 10 6 /ml in Iscove's modified Dulbecco's medium (Invitrogen) supplemented with 10% FBS (Cambrex), 100 IU/ml penicillin and 10 g/ml streptomycin (Cellgro), 2 mM glutamine (Invitrogen), and 50 M 2-mercaptoethanol (Sigma-Aldrich). From day 0 to day 4, the medium contained 100 ng/ml stem cell factor and 100 ng/ml FLT3 ligand (PeproTech). From day 5 forward, the medium contained 10 ng/ml recombinant murine IL-5 (PeproTech) alone and was replaced with fresh medium every other day. On day 14, the cells were harvested for in vitro experiments. Prior to each experiment, the eosinophil markers CCR3 and Siglec-F on Ppif ϩ/ϩ and Ppif Ϫ/Ϫ cells were identified by flow cytometry after staining with CCR3-FITC (R & D Systems) and Siglec-F-phycoerythrin (BD Bioscience). Cell morphology was examined on slides after modified Giemsa staining (Diff-Quik), and total cell numbers were compared. For anti-Siglec-F cell death induction, we used eosinophils derived from thyoglycollate-treated peritoneum, as these activated cells provide a more robust and reproducible cell death in response to anti-Siglec-F (22) . Peritonitis was induced in Ppif ϩ/ϩ and Ppif Ϫ/Ϫ mice by intraperitoneal injection of 1 ml of 4% thioglycollate medium, as described elsewhere (36) . The inflammatory cells from the peritoneal cavity were harvested 48 -72 h later and subjected to in vitro experiments. Cell viability and eosinophil purity were examined by Trypan blue exclusion and CCR3/Siglec-F flow cytometry prior to stimulation. No significant difference was observed between Ppif ϩ/ϩ and Ppif Ϫ/Ϫ cell samples (data not shown). In vitro stimulation of eosinophils. BM-derived eosinophils on day 14 were seeded onto a 24-well plate at a density of 1 ϫ 10 6 /ml and then treated with H 2O2 (200, 500, or 1,000 M; Fisher Scientific), ionomycin (0.2, 1, or 5 M; Sigma), or various apoptosis inducers, including anti-Fas antibody (1 g/ml; BD Biosciences), camptothecin (10 M; Sigma), and anisomycin (10 M; Sigma). After 4 h of stimulation at 37°C with 5% CO 2, eosinophils were collected for viability assessment. To treat eosinophils from the peritonitis model, the mixed inflammatory cells were seeded at a density of 1 ϫ 10 6 /ml, and anti-Siglec-F antibody (10 g/ml; BD Biosciences) or the isotype control rat IgG2a (10 g/ml; BD Biosciences) was added. Prior to the treatment, both antibodies were premixed with the secondary antibody goat anti-rat IgG (HϩL) (10 g/ml; SouthernBiotech) overnight for cross-linking. After 18 -20 h of stimulation at 37°C with 5% CO 2, the suspended cells were collected for viability assessment. All in vitro treatments were performed in complete Iscove's modified Dulbecco's medium containing IL-5 (10 ng/ml).
Assessment of eosinophil viability. To determine the viability of BM-derived eosinophils after in vitro stimulation, cells were washed and stained with the viability dye 7-aminoactinomycin D (7-AAD) and allophycocyaninin-conjugated annexin V (BD Biosciences) in 1ϫ annexin V binding buffer (BD Biosciences). After incubation at room temperature for 15 min, the samples were immediately analyzed on a flow cytometer (Canto III, BD Bioscience). In separate experiments, these stimulated eosinophils were stained with 0.4% Trypan blue solution at room temperature for 3 min. The live (unstained) and dead (stained) cells were manually counted with a hemocytometer under a light microscope. To examine the viability of eosinophils treated by anti-Siglec-F antibody in vitro, the collected cells were incubated with Fc block (BD Bioscience) at room temperature for 10 min and then stained with CCR3-FITC (to identify eosinophils within the gated granulocytes on plots), 7-AAD, and allophycocyaninin-conjugated annexin V in 1ϫ annexin V binding buffer prior to flow cytometric analysis.
Induction of experimental ulcerative colitis. DSS (MP Biomedicals, Santa Ana, CA; 40 -45 kDa) was used for the induction of colitis. It was supplemented in the drinking water of the mice for up to 7 days as a 2.5% (wt/vol) solution, as described elsewhere (1) .
Histopathological examination of murine colon. Hematoxylin-eosin-stained colon sections were examined by light microscopy and histologically scored as previously described (1) . The severity of colonic inflammation was evaluated in a blind manner by estimating 1) percentage of crypt loss, 2) depth and percentage of erosion/ ulceration area, 3) severity and percentage of inflammatory cell infiltration area, 4) number of lymphoid follicles, 5) edema, and 6) fibrosis. The percentages of crypt loss, erosion/ulceration area, and infiltration area were scored as follows: 0 (normal), 1 (Ͻ10%), 2 (10 -25%), 3 (25-50%), and 4 (Ն50%). Lymphoid follicles were counted and scored as follows: 0 (0 -1 follicle), 1 (2-3 follicles), 2 (4 -5 follicles), and 3 (Ն6 follicles). The severity of the other parameters was scored as follows: 0 (absent), 1 (weak), 2 (moderate), and 3 (severe). The sum of all scores of the individual parameters could result in a total score of 0 -27.
Total RNA extraction and real-time RT-PCR. Total RNA from the colon tissue was extracted using TRIzol reagent (Invitrogen) according to the manufacturer's instructions. To avoid the potent inhibition of both reverse transcriptase and DNA polymerase activities by DSS contamination (41), the Pure Link RNA Mini Kit (Ambion) was used to purify the extracted total RNA samples from the DSS-treated mice. Furthermore, 1 g of total RNA was subjected to reverse transcription by the iScript cDNA synthesis kit (Bio-Rad). Two microliters of cDNA (1:4 dilution) were subjected to real-time RT-PCR set up with FastStart Universal SYBR Green master mix (Rox) (Roche) and the following individual primer pairs: 5=-GGGCCACCACGCTCTTCT-GTC (forward) and 5=-CCACTCCAGCTGCTCCTCCAC (reverse) for Tnfa (encoding TNF-␣), 5=-GTGACAACCACGGCCTTCCCT (forward) and 5=-TGCAAGTGCATCATCGTTGTTCA (reverse) for Il6 (encoding IL-6), 5=-ATGAAAGACGGCACACCCACC (forward) and 5=-GCTCCTTAACATGCCCTGGGG (reverse) for Il1b (encoding IL-1␤), 5=-GGCTCACCCAGGCTCCATCC (forward) and 5=-TTTTGGTCCAGGTGCTTTGTGG (reverse) for Ccl11 (encoding eotaxin-1), 5=-CTCCTTCTCCTGGTAGCCTGC (forward) and 5=-GTGATGAAGATGACCCCTGCCTT (reverse) for Ccl24 (encoding eotaxin-2), and 5=-CGATGCCCTGAGGCTCTTTTCC (forward) and 5=-CATCCTGTCAGCAATGCCTGGG (reverse) for the housekeeping gene Actb (encoding ␤ actin). The relative gene expression levels were normalized to Actb.
Eosinophil quantification. The colons were fixed with 4% paraformaldehyde in neutralized PBS, processed using standard histological techniques, and immunostained with antiserum against murine MBP, as previously described (14) . To calculate the average of eosinophil levels in the individual colon, 15-18 high-power-field photos were taken from each section along the length of colon (proximally to distally) under a light microscope (magnification ϫ400) attached to an image analysis system. The eosinophils within the mucosal layer were counted in a blind manner. Using the same photos, we further differentiated intact and cytolytic eosinophils on the basis of morphological changes (see Fig. 5 legend) to compare the percentages of cytolytic eosinophils in Ppif ϩ/ϩ and Ppif Ϫ/Ϫ mice. Statistical analyses. Student's t-test (for experiments with 2 groups) and ANOVA (for experiments with Ͼ2 groups) were used to assess statistical significance. P Ͻ 0.05 was considered significant. All analyses were performed with GraphPad Prism 6.0 software.
RESULTS
Eosinophil development was comparable between Ppif
and Ppif Ϫ/Ϫ mice. To assess whether the loss of PPIF causes a defect in eosinophil development in vivo at baseline, we counted eosinophils in the peripheral blood after staining with Discombe's solution (7) . No significant difference was observed in the number of eosinophils in the blood of Ppif ϩ/ϩ and Ppif Ϫ/Ϫ mice (Fig. 1A) . Furthermore, to confirm this result in vitro and also to obtain highly pure eosinophils for the in vitro experiments, we cultured freshly isolated whole BM cells under conditions optimized for eosinophil differentiation. After 14 days of culture, we found that the numbers of the harvested cells derived from Ppif ϩ/ϩ and Ppif Ϫ/Ϫ BM were comparable (Fig. 1B) and that ϳ90% of the harvested cells from both blood and BM were identified as Siglec-F and CCR3 double-positive eosinophils by flow cytometry ( Fig. 1C) . Moreover, no significant difference was observed in the surface expression level of Siglec-F or CCR3 between Ppif ϩ/ϩ and Ppif Ϫ/Ϫ eosinophils: mean fluorescence intensity ϭ 14,649 Ϯ 1,515 vs. 15,921 Ϯ 2,515 (Siglec-F) and 2,517 Ϯ 139.5 vs. 2,489 Ϯ 326.3 (CCR3). Furthermore, these eosionophils were morphologically similar under light microscopy ( Fig. 1D ) and contained comparable amounts of EPX (data not shown). Taken together, these results suggest that eosinophil development in vivo and in vitro is comparable at baseline between Ppif ϩ/ϩ and Ppif Ϫ/Ϫ mice. 
Ppif
Ϫ/Ϫ eosinophils are protected from Ca 2ϩ overload-and oxidative stress-induced necrosis in vitro. Recent studies have shown that primary hepatocytes and fibroblasts isolated from Ppif Ϫ/Ϫ mice were largely protected from necrosis, but not apoptosis, induced by Ca 2ϩ overload and oxidative stress (2, 23) . Eosinophils contain only a few mitochondria, 24 -36 per cell, which is half the number in hepatocytes (28) . Thus it remains unknown whether PPIF deficiency would also protect eosinophils from necrotic cell death. To investigate this, we stimulated BM-derived eosinophils (day 14) with ionomycin or H 2 O 2 at different concentrations for 4 h. As shown in Fig. 2A , the major type of cell death induced for both Ppif ϩ/ϩ and Ppif Ϫ/Ϫ eosinophils was necrosis (defined as 7-AAD ϩ ), but not apoptosis (defined as 7-AAD Ϫ annexin V ϩ ), on flow cytometry. After normalization to the media control, we found a significant decrease in necrotic cell death in Ppif Ϫ/Ϫ compared with Ppif ϩ/ϩ eosinophils in response to both ionomycin and H 2 O 2 at higher concentrations (Fig. 2, B and C) . To distinguish whether the observed necrosis is direct or secondary to apoptosis, we assessed earlier time points (90 min), which demonstrated direct necrosis (data not shown). To address the possibility that cell loss from flow cytometry gating is biasing the results, we assessed necrosis by an alternative method, Trypan blue exclusion. (Fig. 2D) . Meanwhile, morphological examination of eosinophils treated in vitro with 5 M ionomycin revealed a significant change in morphology, including cell swelling, loss of plasma membrane integrity, and smudging of the nucleus or entire cell, in Ppif ϩ/ϩ eosinophils. However, significantly fewer Ppif Ϫ/Ϫ eosinophils exhibited necrosis (Fig. 2E) . Next, we asked whether Ppif Ϫ/Ϫ eosinophils could also be protected from apoptosis. Ppif ϩ/ϩ and Ppif Ϫ/Ϫ eosinophils were treated for 4 h with multiple apoptosis inducers, including anti-Fas antibody, camptothecin, and anisomycin. As expected, these stimuli induced apoptosis as a major type of cell death for both Ppif ϩ/ϩ and Ppif Ϫ/Ϫ eosinophils (Fig. 3A) . However, neither apoptosis nor necrosis (directly or indirectly) was significantly different between the two genotypes (Fig. 3, B and C Siglec-F antibody selectively reduced eosinophils in blood and/or tissues in several eosinophilia-related murine models by inducing eosinophil cell death (32, 33, 43) . However, the mechanism of this cell death is unknown. We tested the hypothesis that cyclophilin D is involved in Siglec-F-mediated eosinophil cell death, a stimulus more specific and physiological than ionomycin and H 2 O 2. Eosinophils from Ppif ϩ/ϩ and Ppif Ϫ/Ϫ mice were cross-linked with anti-Siglec-F antibody or the isotype control. After Siglec-F antibody treatment overnight, Ppif ϩ/ϩ eosinophils (gated within CCR3 ϩ granulocytes) demonstrated an increase in 7-AAD ϩ necrotic cells compared with those treated by the isotype control (Fig. 4A) . Necrosis was significantly decreased after Siglec-F antibody treatment in vitro in Ppif Ϫ/Ϫ compared with Ppif ϩ/ϩ eosinophils (Fig.  4B) . Thus cyclophilin D is involved in Siglec-F-mediated eosinophil cell death.
Ppif Ϫ/Ϫ mice exhibited attenuated disease outcomes and significantly decreased eosinophil cytolysis in the DSS-induced colitis model. Eosinophils, and specifically EPX released from granules, play a central role in pathogenesis in the DSSinduced colitis model (13) . Thus, given our in vitro data, we hypothesized that PPIF deficiency would downregulate eosinophil cytolysis and, thus, ameliorate disease outcome in the DSS-induced colitis model. As expected, we observed that, after 5 days of exposure to DSS, Ppif ϩ/ϩ mice began to develop acute inflammation of the colon. The first characteristic symptoms that were apparent included rectal bleeding, diarrhea, and weight loss. At days 6-7, weight loss and shortening of the colon were the most predominant features of disease activity. However, not only was weight loss significantly less on average, but shortening of the colon was also significantly less, in Ppif Ϫ/Ϫ than WT mice after DSS exposure (Fig. 5, A and B) . Histological examination of hematoxylineosin-stained sections under light microscopy revealed that colonic damage was significantly decreased in Ppif Ϫ/Ϫ compared with Ppif ϩ/ϩ mice (Fig. 5C ). On the basis of these results, we asked whether the attenuated disease outcome is associated with reduced eosinophil cytolysis in the colons of DSS-treated Ppif Ϫ/Ϫ mice. Although the number of total eosinophils per high-power field, including intact and cytolytic eosinophils, was increased in DSS-treated compared with saline-treated mice, there was no difference between Ppif ϩ/ϩ and Ppif Ϫ/Ϫ mice (Fig. 5D ). To specifically assess cytolytic eosinophils, we established morphological criteria to differentiate cytolytic eosinophils from all eosinophils on MBP-stained colonic sections on the basis of previous studies (9, 13, 18) . Notably, after DSS exposure, the percentage of cytolytic eosinophils in the colon was significantly reduced in Ppif Ϫ/Ϫ compared with Ppif ϩ/ϩ mice (Fig. 5, E and F) . Importantly, the levels of colitogenic cytokines and eosinophil-selective chemokines were comparable between DSStreated Ppif Ϫ/Ϫ and WT mice. The transcript levels of TNF-␣, IL-6, and IL-1␤ in the colon were similar in DSS-treated Ppif Ϫ/Ϫ mice and their WT counterparts (Fig. 5G) . Similarly, no significant difference was observed in transcript levels of the chemokine CCL11 or CCL24 between Ppif ϩ/ϩ and Ppif Ϫ/Ϫ mice after DSS exposure. Finally, the number of neutrophils and macrophages recruited to the colon following DSS treatment was not different between Ppif ϩ/ϩ and Ppif Ϫ/Ϫ mice (data not shown). Together, our data suggest that PPIF deficiency downregulates eosinophil cytolysis and disease outcomes in a murine, DSS-induced colitis model.
DISCUSSION
In this study we demonstrate a novel mechanism through which eosinophils undergo cell death and contribute to pathogenesis of DSS-induced colitis. Specifically, our results show that the mitochondrial protein cyclophilin D is required for Ca 2ϩ overload-and ROS-induced regulated necrosis of eosinophils. We also show that cyclophilin D is required, in part, for regulated necrosis induced by Siglec-F cross-linking, a stimu- lus shown to have pathophysiological consequences in eosinophil-mediated diseases. Finally, we show that deficiency of cyclophilin D is associated with decreased eosinophil cytolysis and disease outcomes in DSS-induced colitis. Together, these findings support a model wherein eosinophil cytolysis is a regulated process that leads to adverse disease outcomes. This raises the attractive possibility that this process can be inhibited and disease outcomes improved. Indeed, biochemical inhibitors of RIPK-mediated regulated necrosis have shown improved outcomes in models of myocardial infarction, stroke, and toxic liver injury (6, 27, 37) .
Cyclophilin D-deficient eosinophils exhibited significantly decreased cell death in vitro and cytolysis in vivo. However, the inhibition was not complete. Thus it remains possible that other pathways are also involved. Recently, Ueki et al. (38) described the process EETosis, through which the activated human eosinophils undergo extracellular DNA trap cell death that cytolytically releases free eosinophil granules. It remains possible that this pathway is stimulated in parallel to the cyclophilin D pathway or that the cell uses this pathway when the cyclophilin D pathway is inhibited. Intense study of the interplay of various regulated necrosis pathways is underway. A recent study of ischemia-reperfusion injury in the kidney found that ablation of RIPK3 or cyclophilin D was protective but that double-knockout mice exhibited greater protection (21) , suggesting that these two pathways are distinct pathways leading to necrotic cell death. Future studies in eosinophils are needed to define the full spectrum of cell death pathways, as well as their interplay and, ultimately, their role in disease processes.
Our in vivo studies used mice with global deficiency in cyclophilin D. Thus it remains possible that cyclophilin D deficiency in other cell types is responsible in part for the observed phenotype. The finding that eosinophil cytolysis was affected (Fig. 5, E and F) and that baseline inflammatory mechanisms (Fig. 5G) were not affected, along with previous studies demonstrating the role for eosinophils and their granule proteins in the disease outcomes (13, 16) , supports our notion that eosinophil cytolysis is the main mechanistic link between cyclophilin D deficiency and improved disease outcomes. Future studies using cell-specific deficiency will further clarify this point.
Whether eosinophils are primarily a pathogenic cell type associated with tissue destruction or an immunoregulatory cell type is a topic of intensive research and debate (19, 44) . Thus, whether inhibiting eosinophil cell death would be a viable target in eosinophil-mediated disease was not predictable. Our study showed that decreasing eosinophil cytolysis is associated with decreased disease outcomes and, thus, supports the pathogenic role for eosinophils in murine, DSS-induced colitis. Furthermore, our study identified at least one of the mechanisms of regulated necrosis in eosinophils, which is the first step toward targeting this pathway in disease.
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